Abstract. The present work has established a methodology that allows the user to determine areas susceptible to shoreline recession and cliff instability. This methodology includes the development of a qualitative loss estimation system which utilizes geotechnical field mapping observations and shoreline retreat predictions to estimate the exposition of critical infrastructure to hazards posed by cliff collapse and retreat. The technique identifies hazardous areas along coastal cliff environments. The assessment was undertaken along the cliff section between Brighton Marina and Portobello, East Sussex, UK. The cliff line was divided into 22 sections according to the cliff's geology. Each of these sections was mapped and described with respect to the lithology and possible failures that could occur. Historical shoreline recession analysis was used for the prediction of future shoreline positions. The prediction of future shorelines was performed by using the Digital Shoreline Analysis System, extension of ESRI's ArcView 9.x. The analysis was based on historical maps and aerial photographs dating from 1873 to 2005. The long term average cliff recession rates clearly show that cliff retreat has declined through time due to the presence of coast protection and cliff stability measures. Although these measures have delayed cliff recession to a great extent, they have not eliminated it.
Introduction
Coastal cliff instability is an increasing problem for many local authorities and government agencies throughout the world. Much of the chalk cliff coast line of northwest Europe and particularly southeast England suffers from sudCorrespondence to: A. Stavrou (anstavrou@hotmail.com) den catastrophic cliff failure mitigated against using various methods: (i) infrastructure protecting the cliffs, (ii) instrumentation monitoring the cliffs (Senfaute et al., 2009 ), (iii) hazard or risk assessments, (iv) visual monitoring and measurement or managed retreat Lawrence et al., 2007) .
The section between Brighton Marina (Black Rock) and Portobello ( Fig. 1 ) in East Sussex, UK, is representative of large sections of chalk cliff where failures have occurred in the past. The most significant impact of coastal landsliding is the shoreline retreat, which influences residents' safety and critical infrastructure. In other words, cliff instability has a great socio-economic impact on the adjacent densely populated coastal area. In particular, the study area is characterised by a range of hazards which threaten:
1. the security of pedestrians and cyclists that are using the undercliff walk;
2. the footpath along a narrow strip of land located next to the cliff top; 2998 A. Stavrou et al.: A geotechnical and GIS based method for evaluating risk exposition small-scale and large-scale failure events, especially when they daylight in the cliff face at critical angles greater than the friction angle. Other factors that seem to be responsible for coastal landsliding are the alteration of freeze-thaw events that causes the enlargement of cracks and joints, as well as the disintegration of the material (Bell, 2007) . In addition, climate changes seem to affect significantly the sea levels as well as the frequency and magnitude of storms. It is strongly believed that these extreme climate changes will gradually lead to a considerable shoreline retreat, especially for those sea-cliffs that are in comparably soft geological formations, such as the chalk found in the study area (Bray and Hooke, 1997) . Many cliff failures occurred during the wet winter of 2000-2001 highlighting once again that cliffs will always be susceptible to failures. Therefore, regular hazard-based inspections of the cliffs are necessary to ensure the safety of the public.
This paper presents the results of a qualitative risk exposition assessment undertaken by applying a methodology which is able to evaluate the risk of coastal chalk cliff instability by taking into account the hazards associated with geological conditions and geological processes identified from field mapping observations, the evolution of the shoreline and the consequences of socio-economic susceptibility (Baynes, 2010) .
In order to describe the methodology applied in this study it is necessary firstly to clarify those terms and elements that contribute to the risk exposition assessment. As defined by the United Nations Development Programme (UNDP, 2004) risk is the process of defining the consequences or negative impact of a hazard (e.g. block failure) to public health and property. Because of the lack of data that could drive to a complete quantitative risk approach, in our specific assessment, the term "risk" is therefore used to describe an expertbased qualitative combination of spatial hazard indication and likely consequences excluding quantitative hazard and vulnerability assessments. In this work the term "hazard" simply describes the anticipated type, size and location of hazardous cliff movements without taking into account their temporal probability and frequency occurrence. Finally, consequences are the adverse influences of a hazard which affect the quality of human life or the environment (Lee and Clark, 2002) .
Study area
The study area ( Fig. 1) is located in East Sussex, UK and covers the extend chalk cliff section between Brighton Marina in the west to Saltdean in the east (OS Grid Reference: TQ 33739 03153-TQ 38713 02313). The site is approximately 6 km and can be divided into two main sections: the protected (∼5.5 km), which is managed by the Brighton and Hove City Council (B&HCC), and the unprotected area (∼500 m), which is managed by Lewes District Council. The access points to the undercliff walk are found at Saltdean, Rottingdean, Ovingdean, Roedean and Black Rock.
Geology
The coastal cliffs between Brighton Marina and Portobello are composed entirely by the Newhaven Chalk Formation (Mortimore, 1986; Bristow et al., 1997 and ratified by Rawson et al., 2001) that dips gently to the South (Fig. 3) .
The Newhaven Chalk Formation was deposited during the Upper Cretaceous Epoch (100-65 million years (Ma). Generally, this Formation is pure and mainly composed of fine calcium carbonate coccolith debris (Mortimore et al., 2001) . The Formation is characterised by firm white chalks with numerous marl seams and repeated layers of flints (Mortimore, 1983 (Mortimore, , 1986a . Typically this, chalk is fragmented by normal and reverse faults and steeply inclined (60-70 • ) conjugate shear joints that play a significant cliff failure mechanism . This fracture pattern reflects the regional tectonic stresses and pressures that have affected the chalk. The exposure and the structure of the Newhaven Chalk Formation are largely controlled by gentle tectonic folds. These are the Friars Bay Anticline and the Old Steine Anticline. These tectonic folds have an impact on the dip direction of the chalk and up to a point control the types and scales of cliff failures .
The drift geology is characterised by Palaeogene sediments and Quaternary deposits (Fig. 3) . These formations are found in a series of dry valleys and at Black Rock, Brighton Marina where an ancient raised beach and overlying coombe deposits are exposed. Within the site four dry valleys have been developed east of Black Rock at Roedean, Ovingdean Rottingdean and Saltdean which have affected the topography of the study area (Fig. 2) . The dry valleys consist of Head deposits and intersect the cliff line. The term Head describes unstratified deposits, such as hill-wash, valley-fill and slope deposits, which rest in the river valleys and on the coastal plain BGS, 1988) . The chalk is found to be more weathered and weakened in the flanks and the floors of the dry valleys. In these valleys the chalk has degraded in-situ as a result of freeze-thaw cycles in which large amount of fines have transported (Lawrence et al., 2007) .
Chalk weathering varies along the height of the cliffs with the upper parts being more weathered and fragmented and the lower parts being more blocky. This has caused frost shattering due to numerous freeze-thaw cycles that have impacted the upper part of the cliff during the Quaternary period (Mortimore and Greensmith, 1997; Dornbusch et al., 2008) .
Hazard indication mapping
Hazard indication mapping was carried out by walking along the cliff line between 21 June and 15 July 2010. For the protected section, this was performed by walking along the promenade at the toe of the cliff. The small unprotected section east of Saltdean was covered by walking along the coast. The findings along this unprotected section are considered valuable as they display a more realistic nature of 3000 A. Stavrou et al.: A geotechnical and GIS based method for evaluating risk exposition cliff recession. A detailed walkover along the cliff top was conducted to examine the presence and evidence of the signs of cliff instability. Previous cliff risk assessments along this section, undertaken in 1999 and 2001 by High-Point Rendel formed the basis of field mapping. These reports assessed the hazard and risk considering the condition of the cliff and the relative risk present to the people and properties in the vicinity of the cliff face. One of the investigative tasks was to verify and update the findings of these reports by identifying the hazards along the coast.
Hazard indication mapping was based on a combination of two mapping techniques; the direct and the indirect mapping method (Hearn and Griffiths, 2001) . The direct mapping method is based on the knowledge of previous failures and the indirect method on the knowledge of which type of material is more susceptible to failure than another. As identified by Parry and Ng (2010) the purpose of mapping is to (i) evaluate observations from aerial photography; (ii) to evaluate the initial and other hazard models; (iii) to record any additional evidence of hazards.
For mapping purposes the cliff line was divided into a series of discrete sections according to geological and morphological characteristics. Each of these sections belongs to a Cliff Type (Table 1 ). The term "cliff type" refers to areas that are characterised by similar features such as lithology, type and orientation of the discontinuities and styles of failures that can be observed in several non-adjacent sections. In total the site was divided into 22 sections (Fig. 4) . Hazard indication mapping was conducted by geotechnical observations. This technique depends on the field engineers experience and therefore it can never be considered as a fool proof predictive method. -measurement and characterisation of conjugate set of joints which lead to large scale wedge and block failures;
-the coastal defence measures along the site have reduced the rate of shoreline recession compared to the unprotected section, but they have not eliminated it. Figure 5 illustrates typical examples of coastal cliff failures across the site. Generally the observed cliff conditions are mostly related with lithology and the orientation and the style of fractures; the depth of weathering and the amount of drift sediments that occupy the valleys (Lawrence et al., 2007) . Each of these hazards has different influence to human life and to the environment and as a result they produce different harmful and damage effects. 
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Shoreline recession analysis
Although the factors that influence the shoreline recession are well known, we still have difficulties to input this knowledge into mathematical models in order to estimate shoreline changes over long periods of time. The main reason for this is that the shoreline changes depend on various factors including geology, topography, climate variability and weather conditions (Benjamin et al., 2008; Dornbusch et al., 2008) . All these factors make the estimation of average retreat rates and average cliff loss difficult to determine.
The current study is supported by a historical shoreline retreat analysis provided by B&HCC. Historical study of shoreline retreat is a very useful tool for coastal management not only because it provides information for the shoreline evolution but also because it provides evidence for the performance and behaviour of protection measures through the course of time so as to organize future coastal defence strategies (Halcrow Group Limited, 2007) . The analysis was based on Historical Ordnance Survey maps and aerial photographs.
The analysis was undertaken by using the Digital Shoreline Analysis System (DSAS) 4.0 (Himmelstoss, 2009) , an extension that was developed by the United State Geological Survey and co-operate with the Environmental Systems Research Institute (ESRI) Geographic Information System (ArcGIS 9x) software. The main application of this extension is the estimation of the average rate of shoreline retreat in comparison with the historical shoreline positions. DSAS is also able to compute future shoreline raster data for both short and long time periods (Himmelstoss, 2009) . In the present case, the reason for using the calculated rates of cliff line retreat was the prediction of the future shoreline positions, as well as the detection of areas of high shoreline recession. This method that is able to extrapolate data from historical maps and aerial photos and to use them to estimate the location of future shorelines is known as Historical Trend Extrapolation (Benjamin et al., 2008, Hooke and Kain, 1982) . This method is considered as a valuable tool for future predictions and it has been widely applied by researchers and engineers of coastal environments (Crowell et al., 1997; Crowell and Leatherman, 1999) . The main limitation of this method is that the output data represents average values and therefore it is unable to record specific events such as the removal of a single block.
Alterations of chalk cliff retreat rates were calculated over a period of 132 yr (from 1873 to 2005) for the 6 km cliff section using the linear regression method. According to Morton et al. (2004) this technique has been proven to be the most suitable statistical method for calculating recession rates using historic data. Eight different historical shorelines, dated from 1873, 1897, 1911, 1931, 1952, 1970, 1980 and 2005, were digitized from historical Ordnance Survey maps and recent large scale aerial photographs. The construction of these polylines and the statistical results of the DSAS depend on the reliability and the accuracy of the available sources. It should be noted, that generally is impossible to gain objective accuracy from the shorelines shown on historical maps (Dornbusch et al., 2008) . According to Dornbusch et al. (2006) the positional accuracy of the historic maps has been found to contain an error of ±3 m. On the other hand, air photographs provide a cliff line with a positional accuracy of ±0.3 m. Cliff line recession rates were calculated every 20 m along the shoreline. Afterwards, the computed recession rates were grouped together according to the sections shown in Fig. 4 . Table 2 illustrates the average rates of recession and the average distances that covered for different time periods. A visual example of shoreline changes along the site is shown in Fig. 6 .
According to these results, it is evident that there is a decline in cliff retreat through time especially for the period between 1952 and 2005. The decline in cliff retreat was linked to the development of coastal protection measures along the site. trimming to remove unstable blocks of chalk. (Mortimore et al., 67 2006; High-Point Rendel, 1999, unpublished Since the 1930's the section that is managed by B&HCC has been protected by various protection measures, including: groynes at regular intervals; a concrete seawall at the base of the cliff; a promenade above the seawall and a 2 m high splash wall at the back of the promenade. Moreover, trimming of the cliff face to an average 70 • inclination was performed to enhance the stability of the chalk. In the 1980's further coast protection actions were undertaken so as to enhance the foregoing defence measures (Fig. 7) (High-Point Rendel, 1999, unpublished; Mortimore et al., 2006) . In addition to the existing protection measures, a cliff stabilization programme began after the wet winters of 2000/01, which were characterised by a series of catastrophic failures, so as to enhance the safety of the public by reducing the risk of cliff failure. These measures included: localised rock bolting; sub-horizontal rock catch nets at mid cliff; vertical rock catch fences; shingle beds to catch smaller falls of chalk and flint and cliff trimming to remove unstable blocks of chalk. (Mortimore et al., 2006; High-Point Rendel, 1999, unpublished In order to examine the impact of the engineering structures on the shoreline recession, the cliff retreat rates were re-calculated separately firstly for the area that is managed by B&HCC (protected area) and secondly for the section east of Saltdean (unprotected area). Specifically, for the protected section the calculations were undertaken by taking account of the dates of construction and maintenance of the protection measures. For this purpose, the 132 time year period was divided into three time periods (Table 3) .
As it would be expected the presence of coast protection measures has influenced the coastal processes. The emplacement of protection and stability measures has successfully protected the cliff section from factors causing chalk cliff instability such as wave attack and fluctuations of sea levels. In general, coast protection has reduced the rates of marine erosion. For the unprotected cliffs east of Saltdean the long-term average rate of recession was determined to be 0.32 m yr −1 . The fact that the average rate of cliff recession was similar to the value calculated for the protected section for the period between the years 1873 and 1931 revealed that cliff retreat rates for the unprotected section have remained approximately the same for the last 130 yr. Consequently, on the cliff top there is a hazardous narrow strip of land between the cliff edge and the coast road (A259) which in some points has only 40 m width.
Because the nature of the coastline retreat is a very complex process, the prediction of future shoreline recession includes many uncertain variables. These are the future weather conditions, the behavior of sea defence structures over the time and the rising sea level (Halcrow Group Limited, 2007) . Coastal evolution is also difficult to predict due to the spatial and temporal pattern of shoreline change (Barter et al., 2003) . It has also been proven that erosion is often episodic and only one failure event can cause several meters retreat of the cliff line Dornbusch et al., 2008; Lee and Clark, 2002; Dong and Guzzetti 2005) .
A prediction of the shoreline for the next 20 yr was chosen, because this date is close to the present and therefore the result of this calculation is useful for coastal management and land-use planning. The methodology that was used accounts the calculated average annual recession for a specific time period to predict the future shoreline position (Leatherman, 1990; Crowell et al., 1997) .
The time period that was chosen for the protected area is the one between 1980 and 2005 because this period represents the most recent available data and because during this period the behavior of the geological formations and the rate of cliff retreat have mainly affected by the presence of the current engineering structures. On the other hand the prediction of the unprotected section was based on the period between 1873 and 2005 as cliff recession was proven that remains constant through the passing of time. The method estimates future cliff positions, by multiplying the average recession rates with the time period (T ). In order to consider the variability of the values through the passing of the time, the standard deviation of the average rates was taken into account (Lee and Clark, 2002) . Thus, the prediction of future recession rates can be expressed as follows:
Recession by year A = (Average rate + Standard Deviation)
×T years (Lee and Clark, 2002) The factor T is 25 which represents the time period between the most recent digitized shoreline (2005) and 2030.
Because cliff's lithology is a major factor that is related with cliff failures in East Sussex and because the hazard mapping was performed section by section, it was decided for the shoreline prediction to be carried out in a similar way so as to create a link between shoreline analysis and field mapping. In order to testify that the spatial variability of cliff's lithology influences the shoreline recession, erosion rates were calculated for each section and grouped with respect to the cliff types. Table 4 proves that erosion is a process which reflects the variability of the geology along the site and therefore the estimation of future shoreline with respect to cliff's lithology is more realistic. Future shoreline recession rates cannot be assumed that they will remain constant into the future (Lakhan, 2005). A changing climate and particularly an accelerated sea-level rise is believed to impact cliff retreat rates (IPCC, 2007) with an expectation that shoreline retreat rate will, generally accelerate in the future, leading to future instability issues (Appeaning Addo et al., 2008; Bray and Hooke, 1997) . According to CCIRG (1996) the mean sea level is expected to increase up to 19 cm over the next 20 yr. As an attempt to detect possible impacts of future weather conditions and large failure events, the historical average recession rates where modified by a simple approach that was introduced by Moore et al. (2003) . This method considers the influence of climate change and failure events simply by multiplying the calculated historical annual recession rate by a given percentage which is defined by the user. For this case the future shoreline recession rate was predicted by increasing the historical recession rate by 50 %. This value was chosen because, as Table 2 demonstrates, between the periods 1952-1980 and 1980-2005 there is an increase at cliff retreat approximately 50 %. Hence, it was assumed that this acceleration will continue for the period 2005-2030. It should be noted that the prediction assumes that the protection measures will remain in place over the time and they will have the same beneficial impact to the shoreline erosion rates. The future shoreline positions calculated for each section in conjunction with field mapping observations and other sources were used to perform the risk exposition assessment of the study area. Figure 8 illustrates two visual representations of future shoreline positions for both protected and unprotected coastlines as they were calculated with the aid of the DSAS extension.
Risk exposition assessment
Since the coastline of the site represents a dynamic environment, the chalk cliffs will always be susceptible to failures and the shoreline will continue to retreat inland as the cliff recession is a natural process which will never terminate, even with the presence of engineering structures such as seawalls and groynes (Dornbusch et al., 2008) . Therefore, the hydro-dynamic regime along the coastal cliff environment will continue to change as will our response, this means the impact on human life is not just spatially but also temporally variable requiring continuing and contingent risk assessments which this model allows for. The assessment was carried out by sub-dividing the coastal environment into sections based upon characteristics, different geological materials, hazards and shoreline recession rates (Mortimore et al., 2006; Lee and Clark, 2002) . Consequently, different sections present different types and levels of risk. At this point it should be reminded that in the present assessment the term "risk" describes a qualitative compound of spatial hazard indication and likely consequences of exposed vulnerable objects to hazards posed by cliff collapse and retreat. However, the term does not include quantitative hazard and vulnerability assessments.
The presence of hazards was identified during the field mapping, the historical shoreline recession analysis and the literature review. The categories identified for the hazard element of the risk exposition assessment are shown in the following list and -substantial failure and occasional large falling blocks; failures involves numerous blocks and often large block failures;
-large failure and rock fall; planar failures; wedge failures; concrete structure collapses;
-major failure involving failure over the majority the cliff face, earthflows.
Before conducting the assessment of the area, it is necessary to underline the vulnerable elements at risk in order to understand the consequences of these hazards on them (Defra, 2002 ). These are: car drivers, pedestrians and cyclists using the coast road; the narrow land on cliff top; the coast protection structures; the coast road (A259) and pedestrians, cyclists and livestock using (i) the narrow path in the top of the cliff; (ii) the undercliff walk and (iii) the access paths to the promenade.
Considering and combining all possible factors, a loss estimation system was developed which is based on the classification:
1. of hazards that could be identified throughout the cliff system involving failures of specific size and type;
2. of hazards that would be responsible for the predicted shoreline retreat for the year 2030;
3. of the location of a hazard occurrence in conjunction with the likely consequences;
4. of the possible consequences to the human life and the environment, in general.
In these classifications (Table 5) , each hazard and shoreline retreat value is represented as a number between the range 1 and 5, which reflects particular consequences to the public, property and environment. Taking into account each section's hazards, shoreline retreat, and consequence as previously described five risk classes (Table 6 ) from I (Least risk) to V (Highest risk) were defined. The flow net shown in Fig. 9 demonstrates the procedure followed for each section so as to reach the risk value for each section of the coast. The final risk number is computed as follow:
Risk (R N ) = Hazard score (H )× Shoreline retreat value score (S) × Consequence score (C) or R N = H xSxC
Results
The application of the described method has led to the production of a "risk zonation plan" (Fig. 10) . This map was created by combining the risk value calculated for each of the 22 sections separately. The results show that between Brighton Marina and Portobello approximately 50 % of the cliff line represents a high risk, emphasizing the useful spatial aspect of the applied methodology. For these areas, potentials failures were recognized in the field and high shoreline retreat was predicted with the use of the DSAS, extension of GIS. Particularly, all sections east of Rottingdean (Fig. 1) were found to represent a very high risk and should be considered areas of high priority in terms of remedial actions. Along these sections (19 to 22, Fig. 4 ), conjugate fracture pattern, developing overhangs and fragments of chalk and flint were observed in the field. Furthermore, it should be noted that this is the area with the most recorded major old
Consequence score (C) 11 or 12 R N = H x S x C  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53   the g  71  enhan  72  Espe  73  fractu  74  F  75  expo  76  retrea  77  meth  78  failur  79  (A25  80  A  81  sectio  82  valle  83  becau  84  conce  85  there  86  sites  87  and  88  comm  89  show  90  and t  91  will  92  invol  93  weath  94  high  95  flint  96  scale  97  T  98  susce  99  retrea  100  signs  101  very  102  which  103  inclin  104  failur  105  conse  106  sectio  107   Discu  108   Risk  109  reces  110  who  111  evalu  112  coast  113  shore  114  and  115  appro  116  those  117 failures. This leads to the conclusion that the style and frequency of joints and the general rock mass character of the Newhaven Formation enhances the presence of major failures along this section. Especially for Saltdean, Lawrence et al. (2007) found that the fracture system is able to trigger major wedge and planar failures. For the unprotected area east of Saltdean (section 22) the high exposition to possible risk is related to the high rates of cliff retreat and the observed failures. Considering these elements, the method reaches the conclusion that there is a possibility of a major failure along this section, which may impact the coastal road (A259) which runs close to the cliff's edge. As it is shown in the risk zonation plan (Fig. 10) , the other sections that represent high and very high risk rise out of the dry valleys (Saltdean-Ovingdean-Roedean/Black Rock). This is because these sections are characterised with population concentration, as they are used for access paths to the beach, and therefore even small failures can have major consequences. These sites consist of highly weathered chalk and Palaeogene deposits and therefore small cliff failures and small falling blocks are common and stochastic in nature. The shoreline recession analysis shows that these areas have displayed high retreat rates in the past and therefore, considering the nature of the material, this process will continue to occur in the future. The volume of material involved in failures has found to be far less because of the weathered nature of the formation and because the cliffs are not as high (Lawrence et al., 2007) . Therefore, fragments of chalk and flint are the most likely failures along these sites, although large scale failures are also possible.
The very low, low and medium risk sections are only rarely susceptible to major failure events because the future cliff line retreat was found to be negligible and no significant instability signs have been observed in the field. These sections consist of very steep cliffs composed of the Newhaven Chalk Formation which has demonstrated in the past due to the nature of the inclined conjugate fractures that it can retreat many meters in one failure event. However, due to the rarity of these events even the consequences are manageable, so it may be concluded that these sections will continue to need the attention of the local authority.
Discussion
Risk assessments of soft rocky cliffs are often based on historical recession records (Del Rio and Gracia, 2009) . Marques (2008) , who suggested a magnitude-frequency relationship in order to evaluate hazards along sea cliff environments, underlined that coastal studies in soft material cliffs are mainly directed to shoreline recession data because it is very rare to find systematic and detailed records of cliff failures. The widely applied approaches that are able to predict cliff recession ranging from those that are based upon statistical analysis of historical data, to those that are based on understanding and computing the physical process of shoreline change (Hall et al., 2002) . A variety of techniques have also been developed that rely on the prediction of future coastlines in response to elements such as the rising sea level and the meteorological effects (rainfall, temperature) together with socioeconomic variables such as population density (Appeaning Addo et al., 2008; Brown et al., 2004; Leatherman, 1990 and Walkden et al., 2005; McLaughlin et al 2002) . Although McLaughlin (2002) noted that the utilization of socioeconomic factors is of great importance to future coastal studies, he also indicated that the collection of such data presents many difficulties including the reliability of the sources and the complexity of the analysis. Other methodologies evaluate coastal failures considering a number of natural factors such as heavy rainfall events, tidal ranges and wave energy (Del Rio and Gracia, 2009; Duperret et al., 2004; Hutchinson, 1971) . However, the collection and the analysis of large amounts of data for such methodologies produce complexity and require plenty of time, experience as well as exhaustive field work. A key advantage of this method is that the data required (e.g. historical maps, aerial photographs) is generally easy to obtain and requires only few days of site inspection. This converts the method into a practical approach which is affective, spatially and temporally accurate and easy to use.
Another positive aspect of the methodology presented is that the applied loss estimation system is applicable to all unstable, erodible coastlines that are composed by similar cliff 3008 A. Stavrou et al.: A geotechnical and GIS based method for evaluating risk exposition types or by cliffs with similar behavior. Hence, by adopting the described approach it should be possible to assess the risk of the cliff failure and the hazards associated with cliff retreat even at coastal environments with different recession rates. However, it should be noted that the shoreline retreat values presented in Table 4 were used for the area in question which means that other areas with different characteristics might need an alternative shoreline retreat value classification.
The fact that the present risk exposition assessment was undertaken taking into account future shoreline positions and geotechnical field observations in order to evaluate the risk of cliff failure contains some uncertainty. This uncertainty is attributed to the factors that control the future recession rates (e.g. future weather conditions), the judgment of the field engineer/geologist and the limitations of the methodologies used for predicting future shoreline position and assessing the condition of cliff failure. It is evident, that the reliability of the predicted shoreline positions is influenced by the accuracy of the calculated historical recession rates which in turn are dependent on the accuracy of coastal mapping. Historical coastal mapping is of questionable quality and leads to uncertainty because the shoreline mapping techniques applied in the past were affected by various factors such as the tidal ranges and the relative sea level changes. (Appeaning Addo et al., 2008) . Hence, the validation of the applied technique is dependent on the level of confidence of the available data, (i.e. historical maps, aerial photographs). However, although we do not know the exact process of shoreline evolution, the predicted recession rates are useful to assess the cliff failures in terms of possible and different future scenarios (Barter et al., 2003; Lee and Clark, 2002) . It should, also, be recognised that the use of Geographical Information Systems minimizes the errors of shoreline analysis and enhances the positional accuracy when digitizes coastlines from aerial photographs and historical maps (Nunes et al., 2009 ). Furthermore, the application of the DSAS ArcGis extension automates the calculations of historical recession rates and was proved to be a valuable tool that assisted the risk calculations' process.
Cliff recession is a phenomenon which is controlled not only by weather conditions but also by the physical properties and cliffs' rock mass character. Hence, it is argued that the present method could compromise the geotechnical factors that are related to cliff instability such as ground water conditions; shear strength of the material and other geotechnical data which can be used for an inventory stability analysis (Defra, 2002) . A relevant work is demonstrated by Günther and Thiel (2008) for a fractured Cretaceous cliff section. The authors by applying a detailed kinematical rock slope failure analysis with structural fabric data and a slope stability model with the use of geotechnical parameters (i.e. material strength, hydraulic conductivity) they concluded to a combined susceptibility map of the site. Nevertheless, although the geotechnical monitoring can enhance the study with additional information, a sub-surface investigation, laboratory testing and detailed discontinuity survey could all have been applied so as to investigate the rock face stability in conjunction with the hazard mapping observations that have already been made. These are considered time consuming, expensive and demands experienced site investigation coastal engineers/earth scientists, which removes one of the key advantages to this method, its simplicity of use.
Conclusions
Hazards and the impact of climate change are felt more along coastal cliff environments. Due to the increasing numbers people who populate these zones the probability increases of negative consequences to the human and socio-economic infrastructure and the environment. This makes the ability to plan using this type of risk exposition assessment critical and therefore developing a strategic plan to mitigate the risks identified. This method identifies hazardous zones along coastal cliff environments and evaluates the risk exposition of vulnerable objects. Coastal instability has created a significant need for techniques that can evaluate the cliffs' condition and promote effective coastal management (Nunes et al., 2009) .
The technique that was established for the needs of this study enables successful and realistic coastal risk exposition assessment along cliffed sections which can be applied by local authorities to help develop cliff management and contingent risk strategies. The outputs of the developed methodology can provide a valuable tool of better understanding the coastal hazards, taking into account geotechnical observations, historical erosion rates and human intervention at the coast allowing for the spatial and temporal relationships to be analysed.
The results of the applied methodology to the chalk cliffs between Brighton and Portobello show that approximately 50 % of the cliff line under investigation is classed as high or very high level of risk in terms of the exposition of vulnerable objects. The areas identified at greatest risk were on the limbs of the cliff which rise out of the dry valleys regardless of coastal protection as a result of the combining hazards (frequent small single block failures from highly weathered sections of cliff) and the consequences (the high number of properties and coastal user along the valley sections).
The protected section has reduced the rate of shoreline recession rate compared to the unprotected section, but they have not eliminated it. Therefore the second section which received the high or very high risk was the unprotected zone as a result of high shoreline retreat values and again increased consequence score as a result of the close proximity of the coastal road to the cliff edge.
The present methodology displays an approach that with the contribution of likely socio-economic and environmental data as well as with the defence failure timeline could be utilized as a valid and easy to use cliff management policy tool.
